Spacetime media offers new opportunities for wave manipulation. Here we study superluminal slabs, and show that the amplitudes of the reflected waves are controlled by the velocity of the medium. In addition, the backward wave continuously scans from the specular to the collinear angle. A diagrammatic method is provided for insight into the deflection angles. A fundamental symmetry between sub-and superluminal scattering is derived from this diagrammatic description.
Subluminal half-spaces [6] and slabs [7] , [8] have been studied thoroughly in the past, with complete analyses of the frequency change, the deflection angles and the amplitudes of the scattered waves. Temporal discontinuities, corresponding to infinite velocity perturbations, have also been studied in detail for scalar waves [9] [10] and in the context of plasmas [11] . The study of superluminal discontinuities is more scarce, but we find the frequency and scattering amplitudes in the case of normal incidence in [12] .
In this paper, we derive the amplitude and direction of waves scattered by a superluminal half-space. We include an insightful diagrammatic solution of the deflection angles, which highlights a fundamental symmetry between the scattering from sub-and superluminal slabs.
Spacetime slabs are classified in Fig. 1 by illustrating their trajectories in the Minkowski diagram [13] . A spatial slab is illustrated in Fig. 1(a) , with the time axis parallel to the trajectory of the discontinuity. A subluminal slab is illustrated in Fig. 1(b) . This type of problem is typically solved in a moving frame where it appears stationnary [14] . The moving frame axes are drawn such that the axis ct is parallel to the trajectory. In Fig. 1(c) , the dual problem of the spatial slab, a temporal slab, is shown, where the interface is now parallel to the z axis. Both scattered waves, ψ T and ψ Γ , emerge after the discontinuity. Finally a superluminal slab is shown in Fig. 1(d) , which will be solved in this paper in a moving frame where the slab appears temporal. Thus the z axis is parallel to the trajectory of the slab. Notice that both wave emerge after the slab, as for the temporal case.
We first solve the temporal slab problem, which has already been reported in the litterature [15] , [12] . The incident, reflected and transmitted fields on the first bound- ary, as shown in Fig. 2 , are specified as
for the incident fields, and
for the fields scattered in second medium, where the superscripts "+,-" correspond to forward and backward propagation, respectively, and the subscripts "1,2" correspond to the medium. The continuity conditions at the interface are [16] [17]:
, B
By inserting (1) into (2), and considering nonmagnetic media, we find the scattering coefficients:
and we also find that the spatial frequencies are conserved, from where we deduce the temporal frequency change: Figure 2 illustrates the procedure to find the total scattering coefficients from the slab. Inspection of this figure shows that there are only two scattering events: there are no multiple reflections, since the waves cannot travel back in time. The scattering coefficients at the second interface T 21 , Γ 21 are found by inverting n 1 and n 2 in (3). The total scattering is then found by multiplying the amplitudes of each scattering event [15] , which yields
These total scattering coefficients are plotted in Fig. 4 (a) as a function of the duration of the slab. The scattered wave will have the same frequency as the incident wave, due to phase matching at the second interface:
We now move to the superluminal slab problem. We solve this problem by applying the continuity condition in a moving frame, in which the slab seems to be a temporal slab with infinite velocity. In the moving frame, the continuity conditions are the same as (2), namely
We next use the Lorentz transformation of the fields [18] to express this continuity condition in the stationary frame,
Procedure to obtain the scattering coefficients (5) for temporal slab, corresponding to Fig. 1 (c) . Corresponding fields are denoted ψ.
Procedure to obtain the scattering coefficients (9) and (10) for superluminal spacetime slab, corresponding to Fig. 1 (d) where β = v/v mf , where v mf is the velocity of the moving frame. Note that β = v mf c = c vs , as shown in Fig. 1 (d) and Fig. 3 . Note that the velocities of the slab and of the moving frame are inversely proportional. Inserting (8) into (7), and substituting (1) in the resulting equations yields 
where we added the superscript "+" to represent the direction of the incident wave, since we must now distinguish forward from backward wave scattering. The results of (9) corresponds to the result presented in [12] .
To calculate the total scattering coefficients, we again invert n 1 , n 2 to find T 21 , Γ 21 . Additionally, the sign of β must be flipped for the coefficients T − , Γ − that correspond to scattering from a backward wave. The total scattering coefficients are
where τ = τ γ is illustrated in Fig. 3 , and ω ± 2 is given in Appendix I. The scattering coefficients Γ, T are plotted in Fig. 4(b) as a function of the duration of the slab. Comparing Fig. 4(a) and 4(b) shows that the minimum and maximum values of T are independent of the velocity. However, the maximal value of Γ is a function of velocity, and increases as the velocity decreases. The period of the transmission and reflection scattering coefficients is always the same, and decreases as the velocity decreases.
Finally, we are interested in the deflections of the scattered waves for oblique incidence. The angles are calculated analytically from the phase matching conditions, which are deduced from the continuity conditions (7):
After a few algebraic manipulations closely following [6] and presented in Appendix 2, and defining the angles as k z = k cos θ and k z = k sin θ, we find that the angles of the reflected and transmitted waves as cos θ Fig. 1 , are shown in Fig. 5 . The case of a spatial slab, with v = 0, is solved by drawing a horizontal dashed line corresponding to conserved temporal frequency. The projection of the solution onto the k x − k z diagram shows the direction of the scattered wave corresponds, as expected, to the specular angle. The second class of spacetime slabs, the subluminal slab with velocity v sub , is solved by noting that the temporal frequencies in the moving frame (ω ) are conserved, and therefore drawing a dashed line parallel to the k z axis. The projection onto the k x − k z diagram shows the deflection angle is smaller than for the spatial case. The greater the velocity, the more the scattered wave will align with the motion of the slab.
For the temporal slab (v = ∞), the spatial frequencies are conserved (6) , and since the frequency is negative, the direction of the reflected wave is collinear but opposite to the incident wave. Finally, for the fourth class, the superluminal (v sup ) slab deflection is solved at the intersection of the dispersion diagram and the dashed line parallel to ω /c, corresponding to (11) .
We notice that the wave scans space from the angles θ 1 to 0 for subluminal velocities, and from 0 to −θ 1 for superluminal slabs. Note that we have so far considered only approaching slabs. With a receding slab, one would naturally scan the symmetric angular sector with respect to k z = 0.
We have characterized wave scattering from superluminal slabs in terms of their amplitude, frequencies and deflections depending on the velocity, the duration and the refractive index of the slab. The reflected waves were shown to amplify as the velocity decreased towards the speed of light. The reflected wave also scans from specular to collinear directions. The mathematical and diagrammatic tools suggested in this letter could help for designing spacetime metamaterials, space-time varying plasmas, or other fast-switching media. We wish to derive the frequencies ω used in equation (9) . We start with the phase matching condition derived from (7):
We next apply the Lorentz transformation to these equations for transfer to the rest frame quantities:
We then substitute the Helmholtz equation ωn/c = k into (14) and obtain:
From the continuity conditions, the wavevector in the moving frame is conserved at each interface, and in particular
Applying the Lorentz transformation, we find
so that
The x component of the wavevector is conserved in the moving and stationnary frames, as it is unchanged under Lorentz transformation. Thus
and, upon squaring,
and finally (k
Dividing (18d) by (17c) yields 
and into (17b) yields 
